The Dynamics of Thought Experiments - Comment to Atkinson by Stöltzner, Michael







The issue of thought experiment, or gedanken experiment, is a classic in the philosophy of science. However, the literature has until recently been surprisingly sparse. There is, nevertheless, substantial disagree​ment as to what a thought experiment is. It was the Danish physicist Hans Christian Ørsted who coined the term within the context of German Natur​philo​so​phie (Witt-Hansen 1976, Kühne 2002). More prominent is today the usage of gedanken experiments by the staunchest critic of such metaphysics, Ernst Mach; not least in virtue of their paradig​matic role for Albert Einstein whose railway embankments and freely falling elevators had an enormous influence on modern theoretical physics. Interestingly, Mach held that the purest thought experiments occur in mathematics which, on his account, was economically ordered experience. A similar connection was introduced into modern philosophy of mathematics by Imre Lakatos who contraposed the informal mathematical thought experiment to the formal Euclidean proof. “Thought-experiment (deiknymi) was the most ancient pattern of mathematical proofs.” (1976, p. 9 fn.1) The terminological parallel, to be sure, was drawn by Lakatos because the cited book of Árpád Szabó interprets deiknymi as “to make the truth or falsity of a mathematical statement visible in some way;” (1978, p. 189) with the progress of Greek mathematics deiknymi developed into the technical term for formal proof. As I shall argue, Lakatos’s identification of informal proof and thought experiment makes sense only when assuming the Machian notions of thought experiment and intuition. As both philosophies tend to blur the boundary between formal arguments and experiences and are oriented at reconstructing the history of a thought experiment, they will prove helpful in the context of the present comment. 
	On different grounds and without referring to Lakatos or Szabó, Nicholas Rescher has equally located the origin of thought experiment in the earliest epoch of Greek thinking. Identifying largely thought experimentation in philosophy with hypothetico-deductive reasoning, he concludes that its use “in philosophy is as old as the subject itself.” (1991, p. 32) 
	Most contemporary interpreters, however, connect thought experi​ment to modern scientific theorizing and experimentation, or to a philosophy striving to be scientific in the sense of Newton and Einstein. Roughly speaking, three systematic dimensions prevail in the present literature. First, the debate between John Norton (1991, 1996) and James R. Brown (1991) concerning the epistemological status of thought experi​ments has attracted considerable attention. Are thought experiments merely arguments couched in a somewhat pictorial form or do some of them permit to reach genuine knowledge about Platonic truths governing nature? There are attempts to overcome such an alternative. Tamar Szabó Gendler, for instance, considers thought experiment as “a fulcrum for the reorganization of conceptual commitments.” (1998, p. 415) 

By introducing novel categories by which we make sense of the world, this reconfiguration allows us to recognize the significance of certain previously unsystematized beliefs. … Thus the thought experiment brings us to new knowledge of the world, and it does so by means of non-argumentative, non-platonic, guided contemplation  of a particular scenario. (Ibid., p. 420) 

This already leads back to the dynamic (or historical) account emphasized by Kuhn (1977) and Lakatos (1976, 1978), albeit within a starkly diverging conception of scientific progress.​[1]​
	Second, where are thought experiments located on the scale between theory and experiment? On Norton’s account, they are closer to theory, or at least to the argumentative analysis of an experiment, and they can accommodate rather general philosophical principles into a scientific argument. Andrew D. Irvine holds that “the parallel between physical experiments and thought experiments is a strong one.” (1991, p. 150) All assumptions of a thought experiment must be supported by independently confirmed observations and it typically has repercussions on a certain background theory. On Irvine’s account, the fact that “many thought experiments are meant to precede real experiments in which the original thought experiment’s premises are actually instantiated” (Ibid., p. 151) and the fact that some elements of a thought experiment are assumed to be true, proves that it typically contains some but not only counterfactual elements. Ronald Laymon proposes to render benign the counterfactual character of thought experiments involving frictionless surfaces and the like by treating them as “ideal limits of real experimentation.” (1991, p. 167) 

[This requires] to (1) show that there exists a series of experimental refinements such that real experiments can be made to approach the postulated idealized thought experiment, and (2) show that there exists a series of theoretical corrections that can be made to apply to real experiments such that once corrected real experiments look increasingly like the original thought experiment. (Ibid., p. 174) 

Paul Humphreys places himself on the other end of the spectrum. 

The function of real experiments that is simulated by thought experiments is the isolation of those features of the world that are represented in a theoretical model and the approximation, as closely as possible, of the idealizations that are employed therein. This function of real experiments, which is to narrow the gap between theory and the world as it naturally presents itself to us, is nowadays almost exclusively guided by theory, and it indicates that thought experiments lie much closer to theory than to the world, or even its experimental refinements. (1993, 218f.) 

Instead Humphreys detects clear parallels with computer simulations. First, both “require adjustments to bring them into conformity with existing empirical data,” by picking appropriate boundary conditions, parameter values, etc. Second, both numerical experiments on a computer, e.g., Monte Carlo simulations, and thought experiments provide new knowledge insofar they “allow us to explore properties of the theoretical model lying behind the simulation such as its robustness under changes in the idealizations and parameter values.” Third, 

simulations often deliberately alter the parameters involved in law schemata to produce laws that are not descriptive of our real world. Thus, one can simulate the trajectory of a planet under an inverse 1.99 law, rather than an inverse square law, to explore the effects this would have on the stability of N-body orbital motion, a process which is clearly the same as that involved in a thought experiment. (All ibid., p. 219) 

On this basis, Humphreys considers thought experiments as “explorations and refinements of theoretical models” which are best described by “something like Lakatos’s account of mathematical progress, applied to scientific models.” (Both ibid., p. 220, italics dropped)
	The first and second dimensions combine in a proposal by Borsboom, Mellenbergh, and van Heerden. They claim that there exists a 
class which cannot be reformulated as an argument. Such a functional thought experiment “is not aimed at refuting or supporting a theory, but has a specific function within a theory. In the case of frequentist statistics, it functions as a semantic bridge, providing a real world interpretation for the abstract syntax of probability.” (2002, p. 384) As an example they cite a brainwashing procedure invoked to apply the frequentist conception of probability in psychological testing. Contrary to the authors’ assumption, there exist functional thought experiments within modern physics. General relativity and quantum mechanics have taught us that the theory of measurement can be part and parcel of the theory itself; already measuring a magnetic field by a charged test body can count as a functional thought experiment – though one of restricted interest.
	Third, one may ask whether a thought experiment can succeed or fail in the same (non-trivial) sense as a real experiment. As a positive conclusion (Janis 1991) obviously depends on how the thought experiment is embedded into a set of background hypotheses or the theory under investigation, the question of success is linked to the informative content and semantical depth of the thought experiment. As Szabó Gendler rightly argues, the effect of a deep conceptual reorganization is not exhausted by reconstructing it as an argument. Even many mathematicians diagnose a substantial difference here; e.g. William Thurston: “We are not trying to meet some abstract production quota of definitions, theorems and proofs. The measure of our success is whether what we do enables people to understand…mathematics.” (1994, p. 163) To be sure, such a view would follow from a Platonist theory of intuition as proposed by Brown (1991); but to my mind also a psychological theory of scientific intuition à la Mach suffices to require a certain semantical depth from thought experiments as compared to other counterfactual arguments.
	After this (incomplete) sketch of present debates, let me turn to Atkinson’s paper. To my mind, it represents an important contribution to the second dimension and reasonably investigates thought experiments as a driving force of a research program. Unfortunately, this question is not sufficiently distinguished from a value judgment that proves problematic given the intimate relations of modern physics and mathematics. Atkinson holds “that thought experiments that do not lead to theorizing and to a real experiment are generally of much less value that those that do so.” (2002, p. 1) Empiricists can hardly deny that triggering a real experiment strongly increases the epistemological value of the initial thought experiment. Yet this is not its only value as the following passage suggests.

Some exegeses of the EPR paper speak of a ‘paradox’, others of a thought experiment or theorem, but its true significance for the development of physics lies in its development from the stand-off of a thought experiment and of two competing world views (Einstein versus Bohr) via theoretical insights (Bohm and Bell) to a genuine experiment (Aspect). Had this genuine experiment not been performed, the EPR thought experiment would have remained a fruitless stand-off. (2002, p. 7)

Here I disagree. The inability to resolve the EPR stand-off would have told us something important about the conceptual structure of quantum mechanics. In the same vein today the existence of different interpretations of quantum mechanics which are empirically equivalent up to very special situations, provides important insights into the significant leeway within this theory. As I shall argue in Section 3, historically the EPR-case was not so linear as Atkinson’s scheme suggests and it built upon purely theoretical and mathematical progress as well. On the other hand, Atkinson’s proposal deliberately spoils the rigid distinction between thought experiments and real experiments that are pre-conceived in thought. This yields a problem with his third example. As in general relativity and cosmology, there exist thought experiments whose sole purpose is to test the coherence of string theory or to justify its applicability in principle, but which are hardly accessible by real experiments that arise from them. Such thought experiments are very close to mathematical thought experiments which Atkinson’s one-dimensional experiment-oriented equally fails to appraise. Let me take this example first.

1. String Theory: Mathematical Experimenters 

String theory’s aspirations at a unified theory of physical interactions are strongly at odds with the practical impossibility of serious experimental tests. Experimenters would have to restore the conditions prevailing in the first spilt second of our universe at the expense of incredibly high energies. Atkinson rightly recapitulates the new metaphysical aspect of string theory: “different empirically confirmed explanations could be underpinned by a mathematical theory whose essentially new ontological claims cannot be tested in the crucible of experiment.” (2002, p. 10) However, his criticism concerns the issue of testability and does not imply that there is little use for thought experiments. 
	String theory is a unificatory research program that purports to provide a Theory of Everything. This claim, to my mind, makes possible to formulate some instructive thought experiments which are not directed at a subsequent real experiment. Nevertheless, they provide the only available opportunity to obtain independent confirmations of this theory. Here is an example. Steven Weinberg believes that “string theory has provided our first plausible candidate for a final theory.”(1993, p. 169) Finality, to his mind, can be verified by stability against thought experiments: “the final theory [is] one that is so rigid that it cannot be warped into some slightly different theory without introducing logical absurdities like infinite energies.” (Ibid., p. 12) In such a “logically isolated theory every constant of nature could be calculated from first principles; a small change in the value of any constant would destroy the consistency of the theory.” (Ibid., p. 189) This is not just a counterfactual argument because in string theory the values of the constants of nature are fixed by certain phase transitions in the early universe.​[2]​  Thus there exists a cosmological background theory. 
	Weinberg’s variation of fundamental constants and the reference to a general principle fulfill Mach’s conditions for thought experiments. In the first place, “the basic method of thought experiments, as with physical experiments, is variation.” (Mach 1976, p. 139) In the latter case we vary really existing physical conditions, in the former we vary the facts in thought. “Physical experiment … [is] the natural sequel to thought experiment, and it occurs wherever the latter cannot readily decide the issue, or not completely, or not at all.” (Ibid., p. 148) On the other hand, “[d]eliberate, autonomous extension of experience and systematic observation are thus always guided by thought and cannot be sharply limited and cut off from thought experiment.” (Ibid., p. 149)
	The second element of Machian thought experiment is “adaptation of isolated ideas to more general modes of thought developed through experience and the search for agreement (permanence, unique determination), the ordering of ideas in sequence.” (Ibid., p. 125f.)​[3]​ Mach’s analysis of Stevin’s famous thought experiment emphasizes the principle of unique determination; on pain of obtaining a perpetuum mobile – which would contradict our most basic daily experiences – there is no reason for the chain to turn right or left. Weinberg’s employment of the principle of unique determination in variation, accordingly, characterizes his counter​factual reasoning as a thought experiment. Yet the comparison with Stevin’s argument also shows a poverty of the string thought experiment. The values of the constants of nature are not immediately accessible to daily experience.
	Another purely theoretical problem of present string theory is the fact that there are many different, but mutually dual string theories. One can devise thought experiments showing that the transition between them does not yield measurable effects.​[4]​ Similar thought experiments about experi​mental indistinguishability exist in all gauge-invariant theories; in general relativity they enjoy quite a fundamental status. The objective of such thought experiments is typically the exploration and justification of the conceptual framework.
	Mach moreover held that both the method of thought and physical experiment first developed in mathematics and spread from there to the natural sciences because the experiences is this field were of a simpler kind. “The change and motion of figures, continuous deformation, vanishing and infinite increase of particular elements here too are the means that enliven enquiry.” (Ibid., p. 145)

Even where the exposition of a science is purely deductive, we must not be deceived by the form. We are dealing with thought constructions which have replaced previous thought experiments, after the result had become completely known and familiar to the author. (Ibid., p. 144, missing words inserted according to the German original)

This passage could well have been written by Lakatos who emphasized that each formal result in mathematics has been reached by a long-winded informal development in which thought experiments, e.g. stretching polyhedra, are the step between naive conjectures and the systematic method of analysis and synthesis (See Glas 1999).
	In the above-mentioned thought experiments, rigorous mathematicians act as the experimenters. Interestingly, the notorious unfeasibility of experimental verification combines with a spectacular success of those mathematical insights which string theorists had obtained in an informal manner. This interaction between two communities with different standards prompted a broad discussion among mathematicians how to appraise non-rigorous (informal) results. Arthur Jaffe and Frank Quinn, two eminent mathematical physicists, distinguish two stages of the mathematical research process. 

First, intuitive insights are developed, conjectures are made, and speculative outlines of justifications are suggested. Then the conjectures and speculations are corrected; they are made reliable by proving them. We use the term theoretical mathematics for the speculative and intuitive work; we refer to the proof-oriented phase as rigorous mathematics. (1993, p. 1) 

But they “are not suggesting that proofs should be called ‘experimental’ mathematics. There is already a well-established and appropriate use of that term, namely to refer to numerical simulations as tests of mathematical concepts.”(Ibid., p. 2) Rather does the terminology express a functional analogy between rigorous proof and experimental physics. Both correct, refine and validate the claims of their theoretical counterparts.
	As I have argued elsewhere (2002a), “theoretical mathematics” hardly has a reasonable ontological status within a logicist and syntax-oriented philosophy of mathematics. Platonism, of course, attributes an objective meaning to unproven theorems, such that perhaps Brown’s Platonic theory of thought experi​ments performs best in mathematics. But a quasi-empirical ontology in the sense of Lakatos (1978) does the job equally well and avoids the notorious pitfalls of Platonism. While ‘Euclidean’ theories are built upon indubitable axioms from which truth flows down through valid inferences, in quasi-empirical theories truth is injected at the bottom by virtue of a set of accepted basic statements. In the latter case, truth does not flow downward from the axioms, but falsity is retransmitted upward. Theoretical physics is, of course, quasi-empirical and empirical in the usual sense. Mathematical thought experiments are only quasi-empirical by virtue to the flow of truth. There are two types. A proof-thought experiment “leads to a decomposition of the original conjecture into subconjectures” (1976, p. 13f.) Like an experimental technique or a partial result, e.g., a lower bound on the measured quantity, it remains valid even if the proof does not prove; thought experimenters may not need a conjecture “to devise an analysis, i.e. a test thought-experiment” (Ibid., p. 78). 

In my conception the problem is not to prove a proposition from lemmas or axioms but to discover a particularly severe, imaginative ‘test-thought experiment’ which creates the tools for a ‘proof-thought experiment’, which, however, instead of proving the conjecture improves it. The synthesis is an ‘improof’, not a ‘proof’, and may serve as a launching pad for a research programme. (1978, p. 96)

The thought experiment may enter the hard core of a research program after further steps of refinement by proofs and refutations. Refutations are suggested by counterexamples that either concern the conjecture (global counterexamples) or the lemmas (local counterexamples). There are three types: (i) Global, but not local counterexamples logically refute the conjecture. They are what mathematicians call a counterexample. (ii) If a global counterexample is also local, it does not refute the theorem, but confirms it. (iii) Local, but not global counterexamples show a poverty of the theorem, such that one has to search for modified lemmas. Cases (ii) and (iii) are not genuinely logical, but heuristic counterexamples. There are two different methods to deal with counterexamples. After a logical counterexample one restricts the domain of the guilty lemma to exclude the counterexamples as unintended interpretations. After a heuristic counterexample one tries to keep as much as possible from the initial thought experiment and its heuristics by stretching the basic concepts so as to reach also logical counterexamples. The method of proofs and refutations thus proceeds by combined overstatements and understatements. Lakatos’s terminology is useful for Atkinson’s next example.

2. Aristotle Versus Galileo: On Standard Models

Galileo’s alleged refutation of the Aristotelian theory of falling bodies is one of the most-discussed thought experiments in history. Atkinson provides a very helpful analysis couched in modern language and concludes against Szabó Gendler that rearranging articulate and inarticulate knowledge did not suffice. “Galileo performed, and needed to perform, real experiments.” (2002, p. 4) Against the Galilean claim that the Aristotelian dogma that heavier bodies fall faster than lighter ones is inconsistent, Atkinson argues by physical counterexamples.

It is sufficient to point to a physical situation in which Aristotle’s dogma … is empirically correct. Since an inconsistent argument points at nothing at all, but Aristotle’s argument does in fact indicate a realizable configuration, it follows that the dogma cannot be internally inconsistent. The case which gives Galileo the lie is that of bodies falling in a fluid (such as air or water) at their terminal velocities in the case of laminar fluid flow. (Ibid., p. 2)

[There exists] a physical model … in which different bodies fall at different rates, even in vacuo. In a nonuniform gravitational field, as in the terrestrial situation, the rate of fall is a function of the distance from the centre-of-mass of the earth: a body at a higher elevation falls less quickly than one at a lower elevation. Moreover, the rate of fall can depend, in special circumstances, on other parameters too, such those defining magnetic or electric fields, etc. (Ibid., p. 3)

Accordingly, “Galileo’s solution is only correct in a uniform gravitational field, and that the earth does not have such a uniform field is a brute empirical fact.” (Ibid., p. 13) All this is, of course, true. Atkinson’s reasoning joins in with a long list of proposals how the Aristotelian historically could have defended himself and which particular interpretation of Aristotle Galileo set out to disprove. (Cf. Kühne 2002) But, to my mind, all this does not invalidate Szabó Gendler’s point that there occurred an intuitive reorganization of conceptual commitments which is not exhausted by the argument view. This also touches upon the relation between thought experiment and physical experiment because, as Mach had emphasized, the latter is guided by the former and thus by theoretical assumptions and background commitments. Let me illustrate this by a little story.
	According to the legend, Galileo experimented by dropping objects from the leaning tower at Pisa. Let me tell the legend of his Bolognese colleague Aldrovandi who experimented inside the even more leaning towers of Garisenda or of Asinelli in order to prevent disturbance by rain fall. Since the Piazza dei Miracoli is situated outside the city center, on clear days Galileo could see the horizon and feel that it is safe to assume a uniform gravitational field. Although feeling the inclination of the tower, his Bolognese colleague had to take the lines of brickstones as a the measure of distance and finding that the orbits of falling bodies bend according to this measure he might well have concluded that they are also subject to a sort of Coriolis force like water in a sink.
	Both Galileo’s thought experiment and his real experiment presuppose a uniform gravitational field and the absence of friction while Aldrovandi and Aristotle do not even formulate these concepts. In Lakatosian terms, Galileo’s inconsistency is a local but not global counterexample against the Aristotelian dogma; it becomes a global counterexample under these further assumptions. Galileo skillfully expanded the Aristotelian concepts in such a way that they blatantly contradicted everyday experience thus making the thought experiment so convincing. Yet at bottom the thought experiment yields only a heuristic counterexample showing that the Aristotelian theory fails to reflect the difference between – now in Newtonian terms which Galileo deliberately set aside – the cause of the acceleration and other factors like resistance of the medium. In this dialectic of counterexamples we find conceptual reorganization at work. Galileo reclassified the models to which the theory is applied and developed new basic concepts; Atkinson’s model is a non-standard model for Galileo that with the benefit of hindsight favors the Aristotelian theory. But historically Aristotle’s theory did not contain the distinction by virtue of which the model is non-standard for Galileo. This reclassification could have been launched by a mere thought experiment, as a theoretical limit case of the inclined plane experiments, but the situation was most likely to lead into an experimental investigation, even without the necessity of empirical justification. This tendency towards experimental resolution is even stronger if theorizing yields a stand-off between two interpretations.


3. EPR, Bohm, Bell, and all that

Atkinson studies the historical “ascent” from the (1) EPR thought experiment and the (2) Bohr-Einstein stand-off, to (3) Bohm’s reformulation of EPR, (4) the Bell inequality until (5) the Aspect experiment finally decided the stand-off between the Copenhagen “evangelical conviction that the new quantum mechanics is, in its domain of application, complete … [which] was strengthened by von Neumann’s flawed proof that hidden variables, which might ‘complete’ quantum mechanics and restore classical ontology, are logically impossible” (2002, p. 6) and Einstein’s conviction that “a holistic interdependence of different parts of reality would nullify the physicist’s profession.” (Ibid., p. 6) 
	After 1935 Bohr and Einstein remained committed to their respective criteria of quantum reality. Many historical studies have shown that the Copenhagen camp was anything but homogeneous and Einstein’s realism was complex enough to make him reject Bohm’s causal interpretation (1952). Today there is a great variety of different interpretations on the market and despite Bohm’s reformulation the EPR-thought experiment has to compete with the double-slit experiment for the situation which most blatantly violates our common sense ontology. Looking at the historical development I can assent to Atkinson’s first lesson “that a thought experiment which supports two contradictory intuitions can fruitfully point the way forward, by stimulating theoretical development and suggesting a real experiment, to a resolution of the dilemma.” (2002, p. 8) Indeed dilemmas have a high motivational value. But as already mentioned I have problems with Atkinson’s one-dimensional view according to which the import of EPR would have been very limited without becoming the first step towards the spectacularly precise experimental tests of quantum mechanics. To prove his thesis, Atkinson would have to show (a) that in the historical course between (1) and (5) the integrity of the original stand-off has not been violated or (b) that the final physical experiment actually covers the original philosophical intuitions of Bohr and Einstein to a sufficient extent. Let me express some doubts and claim that the way was much more thorny and also contained genuinely theoretical advances and progress in experimental technology.
	To those who rejected Bohm’s interpretation (1952), his reformulation of EPR alone did not signify any theoretical progress as the poor response during the 1950s showed. But within the program to experimentally investigate the puzzles of quantum mechanics launched in the 1960s it quickly became clear that Bohm’s thought experiment was much easier to realize in practice, in particular with neutrons and photons. In order to set up the first convincing experiment, Alain Aspect spent a lot of time developing appropriate photon sources and reach sufficient efficiencies, technological achievements that were useful for other experiments in quantum optics. And he had to meet a requirement which John Bell kept emphasizing over the years, to wit, that for a profound experimental test of locality the polarizers must be set only during the flight of the photons. 
	Yet recognizing the pivotal role of locality, to my mind, was only possible on the basis of Bell’s inequalities. But their historical position is quite complex. On the one hand, they substantially contributed to the ascent (1)-(5) by singling out the quantity that was actually measured by Aspect and the subsequent experiments. On the other hand, they represented a milestone within an exclusively theoretical ascent that also emerged from a thought experiment. To my mind, Bell’s inequalities represent a generalization of von Neumann’s No-hidden variable theorem (Stöltzner 2002b). Von Neumann’s proof was not flawed, as Atkinson and Bell hold, but based on an inappropriate notion of hidden variables. The situation was quite similar to the case of Galileo. By a thought experiment von Neumann rigorously constructed hidden parameters by partition (1932 p. 161) and proved that this contradicted an axiom concerning the additive character of observables and operators which he held to be natural (Ibid., p. 167). Pointing to Bohm’s interpretation which violated this axiom but recovered quantum mechanical predictions and by inventing an even simpler model, Bell showed that the axiom was not natural at all. Von Neumann’s proof thought experiment was thus rendered inconclusive and supplanted by a better one. Thus in the Lakatosian sense, von Neumann’s thought experiment did not fail. Is this really so?
	According to Allen Janis, a thought experiment fails in a non-trivial sense “when its analysis leads to a correct conclusion, but not one that accomplishes the purpose that provided its motivation.” (1991, p. 116) What the experimenter expects is irrelevant; although Millikan wanted to refute Einstein’s theory of the photoelectric effect, his experiment was a successful confirmation of it. EPR, however, comes close to the failed experiments to measure the proton lifetime which only provided an upper bound. It “does not show that quantum mechanics is complete. It only fails to establish that quantum mechanics is incomplete.” (Ibid., p. 117) Of course, one can learn from failures. Martin Carrier rightly rejects this interpretation of EPR: thought experiments like real experiments “sometimes exhibit a Duhemian uncertainty about which hypothesis should be held responsible for an anticipated result.” (1993, p. 415) In the EPR case it was not evident whether locality or completeness had to go and the decision was successfully reached only decades later. To my mind, Duhemian holism is both a presupposition of the acceptable part of Atkinson’s analysis and the reason why its one-dimensional reading is not warranted. Unlike real experiments or computer simulations, in thought experiments not every background assumption outside the core of the argument has to be fixed in advance. This is the reason why an initial thought experiment like EPR can survive such a long-winded ascent nearly unscathed. Axiomatized thought experiments like von Neumann’s fail in a rather precise sense. On the other hand, there are essential elements for such a historical ascent which were per se not directed at experimental verification of the initial thought experiment. Had there been an immediate opportunity to experimentally test the 1935 version of EPR, it might not even have resolved the philosophical stand-off. But also recognizing the failure of von Neumann’s No-hidden variable theorem by means of a simple counterexample would have had little impact without Bohm’s model and Bell’s detailed analysis. It was above all Bell’s theorem that showed scientists the alternative between locality and a description in terms of hidden variable once a certain inequality was experimentally confirmed. Moreover, Bell’s theorem was more general than the concrete form of quantum mechanics. 
	As a matter of fact, still today the EPR thought experiment is a fertile incentive. Greenberger, Horne, and Zeilinger (1989) proved generalized Bell inequalities between three states instead of two. In this case the situation is intuitively evident because one obtains a contradiction rather than just a correlation. This generalization should be counted as a progress even before the attempted experimental verification. Should this experiment fail, the EPR story would take perhaps another fruitful turn. 
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^1	  For a convincing criticism of Kuhn’s account, see (Humphreys 1993); for an analysis of Lakatos’ views, see (Glas 1999).
^2	  To be sure, these aspirations are exaggerated; see (Stöltzner and Thirring 1994)
^3	  John Norton (1991) shows that principles of equal generality figure prominently in Einstein’s thought experiments. 
^4	  Richard David, private communication.
